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1ABSTRACT
A method for the determination of L-ascorbic acid, and a
method for the determination of nitrate using spectrophotometry
have been developed.
A background correction method has been proposed where the
sample blank for the determination of L-ascorbic acid is produced
by the catalytic decomposition of the acid by copper(II). The
decomposition of L-ascorbic acid in real samples should be
carried out at 50°C because citric acid, which is usually present
in soft drinks, fruit juices or cordials, retards the copper(II)-
catalysed oxidation of L-ascorbic acid. The sensitivity of the
method is 0.01 -11g/cm2, the precision is 0.1-0.5% and the
calibration range is 0-20 ppm of L-ascorbic acid.
The proposed method is selective, and many ingredients
commonly found in soft drink, fruit juices and cordials do not
interfere. The method is applicable to a wide range of samples.
The working range of the method is wide and can cover the normal
concentration of L-ascorbic acid present in various types of soft
drink, fruit juices and cordials. The reagents used are cheap,
safe, stable, and readily available in most laboratories.
A spectrophotometric method is developed for the
determination of nitrate involving reduction of the nitrate to
nitrite by 1.% titanium(III) chloride in 3% hydrochloric acid at
50°C for a minute, followed by a diazotisation and coupling
2reaction. The proposed reductant is nontoxic, and the proposed
method is more rapid than similar methods using metals as
reductant. The sensitivity of the proposed method is 0.003
ug/cm2, the precision is 0.8%, and the calibration range is 0-
2.78 ppm of nitrate.
However, both the reduction product, nitrite, and its azo
dye are unstable in titanium(III) solution, thus making the
method inconvenient and lowering the sensitivity of the method.
3PART I INTRODUCTION
1. General introduction
L-ascorbic acid is an important substance present in food.
The lack of L-ascorbic acid will result in scurvy. A number of
methods have been used for the determination of this acid.
Among them is an official titrimetric method recommended by the
Association of Offical Analytical Chemists using 2,6-
dichloroindo henol2a as the titrant. p The method is rapid,
however, the reagent itself is unstable and must be standardised
before use. The method is not suitable for coloured samples,
which interfere with the end point detection. Ascorbic acid can
also be determined by a microfluorimetric method2b, where the
acid is oxidised in the presence of a decolorising carbon to
dehydroascorbic acid, which condenses with o-phenylenediamine to
produce a fluorescent product. The microfluorimetric method is
very time consuming. Differential pulse polarography3-5 has been
used to determine L-ascorbic acid at the ppm level. The method
suffers from interferences from electroactive impurities present
in the sample.
In 1981, Tono and Fujita6'7 developed a method based on the
difference spectra of L-ascorbic acid for the determination of
this acid. This method involves the application of the UV
absorption spectrum of L-ascorbic acid and a background
correction technique using ascorbate oxidase to oxidise ascorbic
acid. In 1985, Fung and Luk8 suggested to use alkali instead of
4ascorbate oxidase to catalyse the oxidation of the acid. Both
methods involve the measurement of the absorbances at the
absorption maximum of L-ascorbic acid in the UV region before and
after the oxidation of the acid, and the difference in absorbance
is proportional to the concentration of L-ascorbic acid. The
background correction technique is a break-through in the
application of UV detection of L-ascorbic acid. However, both
methods have some limitations. The enzymatic method of Tono and
Fujita needs a long incubation time of 30 min at 30°C, and the
method is too specialised for general use. Tannin and caramel
seriously interfered with the method of Fung and Luk, and the
method is also not suitable for the determination of grapefruit
9
and apple juices.
The purpose of Part II of this work was to develop a
background correction technique based on a metal-catalysed
oxidation of L-ascorbic acid and hence to develop a rapid and
selective method for the determination of L-ascorbic acid in soft
drinks, cordials, fresh and canned fruit juices. Details of the
determination of L-ascorbic acid will be discussed in Part II.
The results obtained were compared with established differential
pulse polarographic method and titrimetric methods using 2,6-
dichloroindophenol2a or N-bromosuccinimide (NBS) 10 as titrants.
Nitrate is an anion of major importance particularly in
biological areas. Excessive amounts of nitrate in water supplies
indicate pollution from sewage or agricultural effluents. High
5levels of nitrate in domestic water will cause cyanosis in young
babies. The relationship between nitrate and the formation of
nitrosamines has received considerable attention recently11. In
many ways the analytical chemistry of nitrate was based on the
reduction of nitrate to nitrite 12-14, nitric oxide15216 and
17
ammonia.
Nitric oxide is determined by a gasometric method 15916 2
where nitric oxide is collected in a nitrometer and its volume
measured. The precision of the method is very low. Ammonia is
generally determined colorimetrically using the Nessler's
reagent18. Although the sensitivity of the method is better than
that of the gasometric method, the reagent itself is unstable,
and the stability of the complex with ammonia is very dependent
on pH, temperature and the standing time. Nitrite can be
determined spectrophotometrically by forming an azo dye19, which
is stable, and the reaction can be controlled easily. The
precision of the method is high and nitrite at the ppb level can
be determined.
The conventional reducing agents used for the reduction of
nitrate to nitrite are cadmium12, zinc13 and hydrazine14.
However, cadimum and zinc are solid reductor, so that their
reaction with nitrate are heterogeneous, and the reductions on
the metal columns are time-consumming. On the other hand, cadmium
and hydrazine are very toxic and carcinogenic, and their disposal
is still a great problem.
6The purpose of Part III of the present work was to find a
nontoxic homogeneous reducing agent, which could rapidly reduce
nitrate to nitrite.
2. Brief review of the analytical methods used
(A) Spectrophotometry`V
Spectrophotometry is based on the ability of substances to
emit or absorb electromagnetic radiation. An absorption spectrum
is obtained by the spectroscopic analysis of the light
transmitted by an absorbing medium which is placed in the optical
path of the spectrophotometer. When a beam of radiation of
specific wavelength impinges upon a substance, the energy
associated with the beam may be altered by reflection,
refraction, absorption and transmission processes, the
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Figure I-1 Attenuation of a beam of radiation by an absorbing
solution.
7The simplest situation with respect to the intensity of
absorption is that the system obeys the Lambert- Beer's Law.
(1)
where, E., molar absorptivity
c, mole litre-1
Equation (1) may be rewritten as,
A= Ecb (2)
where, A= Absorbance= log10(P0/P), or
A= -log10T (3)
where, T= Transmittance= P/P0
A plot of absorbance A vs concentration, c, for a path
length of b will yield, within the solution concentration range
where Beer's Law is obeyed, a straight line of slope Eb.
(B) Differential Pulse Polarography21
In differential pulse polarography, a dc potential, which is
increased linearly with time, is applied to the polarographic
cell. A dc pulse of an additional 20 to 100 mV is applied at
regular intervals of about 1-3 s the length of the pulse is
about 60 ms and terminates with detachment of the mercury drop










Figure 1-2 Voltage program for differential pulse polarography
Two current measurements are made alternately-- one just prior
to the dc pulse and one near the end of the pulse. The
difference current per pulse is recorded as a function of the
linearly increasing voltage. A differential curve results
consisting of a current peak the height of this peak is directly
proportional to concentration of the analyte (Fig. 1-3), so that
quantitative determination becomes applicable.
20 nA
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PART II SPECTROPHOTOMETRIC METHOD FOR THE DETERMINATION
OF L-ASCORBIC ACID
1. Introduction
(A) Review of the reported methods
Ascorbic acid is an ordorless, colourless crystalline
compound, that is soluble in water but not in fat. It is easily
oxidisable in air, and can be destroyed by oxygen, alkalis and
high temperature1.2. It also reacts with the ions of iron and
copper.
A comparison of the chemical structure of ascorbic acid with
glucose shows some striking similarities. Glucose is the natural










L-gulonic acid (not availble
in human bodies)
Fig. II-1 Comparison of the chemical structure of ascorbic acid
with glucose. Glucose is the precursor of ascorbic
acid, and in the presence of oxidase, it can be
converted to ascorbic acid.
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Plants can convert glucose to ascorbic acid. Almost every animal
can make ascorbic acid and, therefore, do not require any food
source for this vitamin. The exceptions includes human beings,
monkeys, guinea pigs, a rare Indian fruit bat, and the red-vented
bulbul (a bird). These species lack the enzyme necessary for the
conversion of L-gulonic acid to ascorbic acid. For those animals
which are incapable of synthesising ascorbic acid, a continual
external supply of the compound is necessary for their existence.
Though the ascorbic acid requirements for human beings are not
large, yet they are imperative, for prolonged deficiency in it
leads to scurvy and ultimately to death. Patients suffered from
certain diseases demand an extremely high ascorbic acid
requirement, e.g. Hodgkin's disease, protracted fever from
various causes, active rheumatic heart disease and tuberculosis.
Vitamin C is widely distributed in plants, with fruits and
vegetables being the major source in most human diets. Thus the
determination of ascorbic acid in natural products is of great
importance.
Up to now, a number of methods for the determination of L-
ascorbic acid have been reported. These methods are based on a
range of techniques including titration, spectrophotometry,
polarography, high pressure liquid chromatography, ion-exchange
chromatography, ascorbate electrode etc. These methods together
with the relevant references are summarised in Table II-1.
13
Table II-1 Summary of the methods for the determination
of L-ascorbic acid and the relevant references
ReferencesMethods
19, 20(i) Ascorbate Electrode
16-18(ii) Differential Pulse Polarography
















30, 31Ascorbate oxidase oxidation
32Alkaline pre-treatment
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Ascorbic acid is determined by the dye-titration method
using 2,6-dichloroindophenol3,4,5. The method is also officially
accepted for its simplicity and no instrument is needed. It is
suitable for very rough estimation of ascorbic acid. However, it
is subjected to interferences from iron(II), tin(II), copper(II),
sulphur dioxide, sulphite and thiosulphate, and other reducing
agents or oxidising agents. The colour change at the end-point
is difficult or impossible to detect if the sample solution
itself is coloured.
The direct titration of ascorbic acid with cerium(IV)
sulphate using ferroin as indicator6 tends to yield high results,
unless phosphoric acid is added, but this addition retards the
reaction and accurate pH adjustment is essential.
The oxidative titration with N-bromosuccinimide7 is
complicated by sulphite, cysteine and glutathione. The
titrimetric procedures not only are time-consuming, but also
require special procedures and unstable reagents.
The selectivity of the basic chloramine T procedure is
limited to samples with sulphite and sulphydryl compounds,
thiosulphates, sulphide or tin(II). In some cases it requires a
carefully-prepared sodium tetrathionate solution, which is
thermally and photochemically degradable.
The technique of high pressure liquid chromatography
9-12(HPLC), which has been used for the analysis of vitamins and
15
various systems, has been proposed to determine ascorbic acid.
Finley and Duang13 reported the separation of ascorbic acid and
dehydroascorbic acid by HPLC on two reversed-phase columns in
series, with a mobile phase of water containing an ion-pair
reagent and the compounds were detected at 254nm and 210nm,
respectively. Rose and Nahrwold14 used a single ion-exchange
column and a mobile phase of acetonitrile-water containing
potassium dihydrogen phosphate for the separation of ascorbic
acid and dehydroascorbic acid. Simultaneous separation was
reported by Keating et al.15, but with dehydroascorbic acid
converted into a fluorophor using 1,2-phenylenediamine and
ascorbic acid was detected at 290nm and the fluorophor at 348nm.
The above methods gave satisfactory resolution for ascorbic acid
and dehydroascorbic acid,. but the recovery was poor. The method
of Keating et al.15 suffered from the additional disadvantage of
the derivatisation step, which increased the complexity and added
another variable to the analysis. The modification method9 of
Rose and Nahrwold was applied to the analysis of fresh fruits.
However, a number of interfering compounds were also extracted
into the sample solution. Although the HPLC methods mentioned
above are sensitive, frequently they are unable to resolve
ascorbic acid from the water soluble vitamins using a simple
detector.
Differential pulse polarographic methods16-18 have been used
for the determination of ascorbic acid, which is oxidised
electrochemically to dehydroascorbic acid. In the determination
of ascorbic acid in fruits and vegetables by polarography18, the
16
ascorbic acid was first extracted from the sample efficiently by
a suitable extractant, and the content will then be determined in
a suitable supporting electrolyse. Although the method is
sensitive, it requires a long analysis time and suffers from
interferences from electroactive impurities present in the food
samples.
The enzyme ascorbate oxidase can be employed for the
determination of L-ascorbic acid present in aqueous solution
because it catalyses the reaction19:
dehydroascorbic acicL-ascorbic acid
The ascorbic acid content was determined by monitoring the amount
of oxygen used up with an oxygen sensor20 or an amperometric
sensor19 which was made by immobilising ascorbate oxidase in the
reconstituted collagen membrane and mounting the membrane of
enzyme-collagen on an oxygen electrode. Although this method
owes its advantage to the substrate specificity of ascorbate
oxidase, the preparation of ascorbate oxidase is too tedious and
specialised for ordinary chemical laboratory use.
A fluorometric method21 has also found some acceptance.
This method gives a combined value that include the activity from
both ascorbic acid and dehydroascorbic acid. This may be a
serious shortcoming in stability studies since dehydroascorbic
acid is the principal degradation product of ascorbic acid. The
method is less susceptible to interferences but is more time-
consuming.
17
There is a large number of spectrophotometric methods for
the determination of L-ascorbic acid based on the formation of
some azo dyes.
Schmall et al.22 developed a method for determining ascorbic
acid based on its reaction with diazotised 4-methoxy-2-
nitroaniline in acidic medium, followed by development of a blue
colour in alkaline medium with maximum absorbance at 570nm.
However, when certain samples such as fruits juices were assayed,
the colour might begin to fade within 10 min.
The iron(III)-1,10-phenanthroline complex has been found to
be quantitatively reduced by L-ascorbic acid to the ferrous
complex23, which shows an intensely red colour. However, the
coloured solution is unstable. The instability of the coloured
solution seems to be caused by the photo-reduction of the ferric
complex, because the iron(III)-1,10-phenanthroline solution
gradually shows a red colour in visible light. Thus the ferric
ion was masked after the colour development by adding a chelating
agent to avoid photo-reduction. The method is not suitable for
highly coloured solutions such as grape juice, and solutions
containing strong oxidising and reducing agents, as well as some
cation interferents.
Fe(II), reduction product of Fe(III) by ascorbic acid, can
form coloured complex with ferroZine24, which is 3-(2-pyridyl)-
5,6-dipyridyl)-1,2,4-triazine-p,p'-disulphonic acid. However,
the reduction of iron(III) by ascorbic acid and the absorbance of
18
the resulting iron(II)-ferroZine chelate depend on such variables
as the molar ratio of iron(II) to ferroZine, pH, the time
necessary to reach maximum intensity and the presence of various
interferences. Copper(II), cobalt(II), and nickel(II) intefere,
and sufficient amount of ferroZine is needed to complex these
ions, while ferroZine itself is an unstable colouring agent.
The determination of ascorbic acid based on the interaction
between dimethoxydiquinone and ascorbic acid to give a stable
reddish violet chromogen was described by Eldawy et a125.
However, the direct application was unsuccessful because of the
turbidity of the prepared solution. Kamangar et al.26 described
a modified dimethoxydiquinone method adopted for the direct
determination of ascorbic acid in citrus fruits by extracting the
resulting coloured product into chloroform, however, the yellow
dimethoxydiquinone gradually turned red in light, and thus it is
necessary to carry out the determination in the dark.
The reaction of ascorbic acid with the ferricinium cation
was based on the ease with which an electron could be removed
from iron(II) in ferrocene to produce the ferricinium cation27
which in turn might behave as a strong electron acceptor under
appropriate conditions. However, the reaction is complicated and
the preparation of the solution is tedious.
L-ascorbic acid has also been determined as the
28
molybdophosphate complex and with the Folin-Ciocalteu reagent.
19
Ammonium molybdate has been used for the detection and
determination of ascorbic acid in pharmaceutical preparations,
but the method cannot be used directly for the determination of
L-ascorbic acid in fruits and vegetables owing to interference by
various reducing substances. Although modification of the method
was made by Bajaj29, yet there still exist a number of
interferents such as tannins, thiourea, and thiosulphate. When
the sample is rich in organic acids, phenolic compounds such as
catechin, .gallic acid, and gallotannin, the maximum colour
development would be retarded.
In recent year, Tono and Fujita30'31 successfully developed
a spectrophotometric method based on the difference spectra of L-
ascorbic acid for the determination of the acid in foods. The
so-called difference spectrum was obtained by taking the
absorbance difference between the initial and final spectrum.
The final spectrum was obtained after L-ascorbic acid was
oxidised by ascorbate oxidase. The method can also be used as a
background correction technique, and the major problem of
absorption of UV light by the sample matrix using UV absorption
spectrophotometry can be solved. However, the enzymatic
technique is too specialised and not suitable for most chemical
laboratories. Fung and Luk32 suggested that alkali can be used
instead of ascorbate oxidase to destroy ascorbic acid more
rapidly. When the working pH was 12.6, more than 95% of ascorbic
acid was destroyed in 15 min at room temperature for ascorbic
acid concentration was below 45ppm. However, tannic acid and
caramel seriously interfere with the method, and the method is
20
not applicable to the determination of L-ascorbic acid in grape-
fruit and apple juices33.
(B) Catalytic oxidation of L-ascorbic acid
The degradation of L-ascorbic acid is highly influenced by
temperature, pH, enzymes, oxygen. salt, sugar concentration, and
metal catalysts, the most effective being oxygen and metal
catalysts. The scheme shown in Fig. 11-2 demontrates the
influence of oxygen and heavy metals on to route and products of
the reaction34. L-ascorbic acid reacts with oxygen forming




















Fig I1-2 Degradation of ascorbic acid
H2A, L-ascorbic acid; A, dehydroascorbic acid;
HA, monovalent anion of L-ascorbic acid;
A, radical anion of L-ascorbic acid;
DKG, 2,3-diketogulonic acid; X, xylosone;
DP, 3-deoxypentosone; F, furfural;
22
The ionisation constants of the enediol ascorbic acid
differ by more than a factor of 107, ie. pK= 4.12, and pK=
11.51. The fractions of ions are closely related to pH. As shown
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Fig. 11-3 The fraction of ions of L-ascorbic acid related to ph
When oxygen and a metal ion catalyst (Mn+) are present, L-
ascorbic acid is degraded primarily via its monoanion (HA) to
dehydroascorbic acid. The exact pathway and overall rate being a
function of the concentration of the metal ion catalyst. The
rate of formation of dehydroascorbic acid is approximately first-
order with respect to the concentration of the monoanion, oxygen
and the metal ion. The specific rate constant is 104- 105 order
of magnitude higher than that for the spontaneous oxidation35,
23
when the degradation is catalysed by Cut+, and therefore a few
ppm of this metal may cause serious decomposition of ascorbic
acid. In contrast, the rate of the uncatalysed reaction is not
proportional to the oxygen concentration at low partial pressure
of oxygen possibly because L-ascorbic acid is now destroyed by
the direct oxidation with hydroperoxyl radical (H02) or hydrogen
peroxide.
The postulated pathway for the catalysed reaction involves
formation of a metal anion complex, MHA(n-l)+, which combines
with oxygen to give a metal-oxygen-ligand complex, MHA02(n-l)+0
The latter complex has a resonance form of a diradical which
rapidly decomposes to give the ascorbate radical anion (A-*), the
original metal ion (Mn+) and (H020). The radical anion (A-*)
then rapidly reacts with 02 to give dehydroascorbic acid.
In the absence of oxygen, there is no added influence of
metal catalysts. However, certain chelates of Cu2+ are catalytic
in a manner independent of oxygen concentration, with catalytic
38
effectiveness being a function of metal chelate stability.
(C) Principle of the proposed method
Ascorbic acid, containing double bonds which is known to be
UV active, absorbs strongly from 243nm to 267nm depending on the
acidity of the medium. However, property was seldom used for the
determination of ascorbic acid in real samples with complex
24
matrices, because they have a very high background absorption in
the UV region. In recent years, the ascorbic acid content in
somewhat cloudly samples have been successfully determined by
Tono and Fujita30,31 by measuring the difference spectra of L-
ascorbic acid. Fig.II-4 is an example of a difference spectrum
of L-ascorbic acid. The peak absorption of L-ascorbic acid in
the ultraviolet region will decrease after the acid has been
oxidised, and the absorbance is now caused by all substances in
the solution except ascorbic acid absorbing at the same
wavelength, i.e., this is the background absorption. Thus the
difference of absorbance of L-ascorbic acid before and after




Fig 11-4 Difference spectrum diagram of ascorbic acid before and
after oxidation.
a: absorption curve before oxidation
b: absorption curve after oxidation




There are various methods available in the literature for
producing the sample blank for the determination of L-ascorbic
acid such as the enzymatic method 19930931 thermal decomposition,
direct UV irradiation and alkaline treatment32939,40. The
enzymatic method needs a long incubation time and it is also too
specialised for general use. The destruction rates of L-ascorbic
acid using thermal decomposition and UV irradiation were observed
to be very slow32. As mentioned previously, the alkaline
treatment method has also its own limitations.
Onishi and Hara23 measured the oxidation rates of L-ascorbic
acid in the presence of various kinds of metals. A summary of
their results is shown in Appendix 1. The catalytic effects of
the metal ions were found to be in the following order,
Cu(II) Fe(II) Cd(II) Zn(II) A1(III) Fe(III)
It is the purpose of the present work to develop a new background
correction technique based on a metal-catalysed oxidation of L-
ascorbic acid, which, hopefully, will be subject to less
interferences and applicable to a wider range of samples. Apart
from the background correction technique, the principle of the
method would be essentially the same as the method described by
Tono and Fujita30231. The method will be applied for the
determination of L-ascorbic acid in soft drinks, fresh and canned




Canned fruit juice, soft drink, or cordial sample was
mixed thoroughly by shaking vigorously to ensure uniformity.
Juice from a fresh citrus fruit sample was obtained using a
squeezer.
The sample was then centrifuged at 750 r.p.s. for 15
min, and the supernatant liquid was taken out for the
determination of L-ascorbic acid by spectrophotometric,
polarographic, or titrimetric method.
(B) Spectrophotometric method
Apparatus: Hitachi 323 Recording Spectrophotometer
Reagents--- All reagents used were of analytical reagent
grade.
(i) Copper(II) stock solution (1000 ppm)--- 1 g of
copper metal was dissolved in the minimum amount of nitric
acid and was then diluted to 1 litre with distilled water.
(ii) 1 M acetic acid--- 55.6 ml of 18 M acetic acid
was diluted to 1 litre by distilled water.
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(iii) 1 M sodium acetate--- 41 g of sodium acetatE
was weighed and dissolved in distilled water, and diluted tc
1 litre.
(iv) 5 ppm copper(II) solution (7.78x10--')M) at pH 6---
Into a 1-litre volumetric flask was pipetted 5.0 ml of the
1000 ppm of copper(II) stock solution, followed by the
addition of 200 ml of 1 M sodium acetate solution and 7 ml
of 1 M acetic acid. The solution was diluted to the mark
with distilled water.
(v) Ethylenediaminetetraacetate (EDTA) solution
(5x10 4mM)--- 0.1861 g of the disodium salt of EDTA was
dissolved in distilled water and diluted to 1000ml
(vi) L-ascorbic acid stock solution (1000 ppm)--- 100
mg of L-ascorbic acid (Riedel-de Haen) was dissolved in
distilled water and diluted to the mark in a 100-ml
volumetric flask.
(vii) L-ascorbic acid working standard solutions---
These were freshly prepared by appropriate dilution with
distilled water from the 1000 ppm L-ascorbic acid standard
solution.
(viii) The copper(II)-EDTA complex solution (6.3x10-5M)
--- This was freshly prepared before use by mixing the
copper(II) solution (5ppm) at pH 6 and 5x10-4 M EDTA solution
in the ratio of 4:1 by volume.
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(ix) Britton Robinson buffer (pH 7-12)--- Appropriate
volume of a 0.2 M NaOH solution was added to 100 ml of the
mixture containing 0.04 M phosphoric acid, 0.04 M acetic
acid and 0.04 M boric acid to make buffer solutions of pH 7,
8, 10 and 12, respectively.
Procedure:
(i) The wavethlength was set at 267nm. The
calibration curve was prepared by measuring the absorbance
at 267nm of L-ascorbic acid standard solution against a
reagent blank. The standard solutions were prepared by
mixing 1.0 ml of the appropriate L-ascorbic acid solution
containing 12- 72 ppm of the acid with 5.0 ml of the copper
(II)- EDTA solution. A blank solution was prepared using
1.0 ml of distilled water instead of L-ascorbic acid
standard. The slope (S) of the calibration curve was
determined.
(ii) The sample was 10 or 20 times diluted with
distilled water depending on the L-ascorbic acid content and
the colour of the sample.
To 1.0 ml of the diluted sample solution was added 5.0
ml of the copper(II)-EDTA solution, and the absorbance of
the solution at 267nm, designated as A(I), was taken. In
this solution, the catalytic effect of Cu 2+ on the oxidation
of L-ascorbic acid was lost since the free Cu2+
concentration was very much reduced in the presence of
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excess EDTA.
To another 1.0 ml aliquot of the diluted sample was
added 4.0 ml of the 5 ppm copper(II) solution at pH 6. This
mixture was heated in a water bath at 50°C for 15 minutes,
and then 1.0 ml of 0.5 mM EDTA solution was added. The
absorbance of the resulting solution at 267 nm was measured
and was designated as A(II).
The difference-of the absorbance, AA, between A(I) and
A(II) was then calculated. The L-ascorbic acid content was
determined by the formula:
L-ascorbic acid content= (X•t A)/S,
where X was the dilution factor.
(C) Polarographic method44
Apparatus--- PAR 174A Polarographic Analyzer equipped
with a RE 0089 X-Y Recorder
PAR 303 Static Mercury Drop Electrode
Reagents--- All reagents used were of analytical reagent
grade.
(i) 1% oxalic acid--- 5g of the solid was dissolved
in 500 ml of distilled water.
(ii) L-ascorbic acid stock solution (1000 ppm)--- 10C
mg of the solid was dissolved in 100 ml of 1% oxalic acid.
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(iii) L-ascorbic acid working standard solution--- 2.0
ml of the 1000 ppm L-ascorbic acid stock solution was
diluted to 100 ml with 1% oxalic acid. This solution
contained 20 ppm of L-ascorbic acid.
(iv) Acetate buffer (2 M HOAc-- 2 M NaOAc)--- 27.2 g
of solid sodium acetate trihydrate was dissolved in 50 ml of
distilled water and 12 ml of glacial acetic acid was added
and the solution was diluted to 100 ml with distilled water.
(v) Dilution medium--- a mixture containing 1% (w/v)
oxalic acid, 2% (w/v) trichloroacetic acid and 1% (w/v)
sodium sulphate.
Procedure
The sample (1.0 ml) was diluted to 5.0 ml with the
dilution medium. To 1.0 ml of the diluted sample solution
was added appropriate volume of the 20 ppm standard solution
(say 0-4 ml) and the mixture was diluted to 10 ml using the
dilution medium so as to make up a series of solutions for
the standard-addition calibration. Acetate buffer (2.0 ml)
was then added.
The polarogram of each sample was recorded using the
following instrument settings.
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The peak height of the signal of L-ascorbic acid at 0.088V
vs Ag/AgCI electrode for each solution was measured from the
lowest to the highest part of the curve, and the concentration of
L-ascorbic acid in the sample solution was determined by the
standard-addition calibration, and the amount of L-ascorbic acid
in the original sample was deduced.
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(D) Titrimetric Method (1) using 2,6-dichloroindophenol as
titrant5
Reagents--- All reagents used were of analytical reagent
grade
(i) Extracting solution--- Metaphosphoric acid-
acetic acid solution was obtained by dissolving 15 g of
metaphosphoric acid (HPO3) pellets in 250 ml of 20% (v/v)
glacial acetic acid in distilled water and diluting to about
500 ml with distilled water. The solution was filtered
rapidly through Whatman No.1 filter paper. The titration of
L-ascorbic acid was performed in this medium.
(ii) L-ascorbic acid stock solution (1000 ppm)---
100 mg of L-ascorbic acid was dissolved in distilled water
and diluted to 100 ml in a volumetric flask.
(iii) 2,6-dichloroindophenol standard solution--- 5 mg
of the sodium salt of 2,6-dichloroindophenol (Sigma) was
dissolved in 50 ml of distilled water to which had been
added 42 mg of NaHCO3, and the solution was diluted to 200
ml with distilled water. The solution was filtered rapidly
through Whatman No. 1 filter paper, discarding the first few
millilitres of solution, and was then kept in stoppered
amber glass bottle and stored in a refrigerator.
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Procedure
(1) Standardisation of 2,6-dichloroindophenol solution
An aliquot (2.0 ml) of the 100 ppm standard L-
ascorbic acid solution was transferred into a 50-m1
erlenmeyer flask containing 5 ml of the extracting solution,
and was titrated rapidly with the 2,6-dichloroindophenol
solution from a 10-m1 buret to a light but distinct rose-
pink end point.
Similarly, the blank solution composed of 7.0 ml
of the extracting solution plus a volume of distilled- water
about equal to the volume of the 2,6-dichloroindophenol
solution used in the previous titration was titrated. After
subtracting the blank value from the standardisation
titration value, the concentration of the 2,6-
dichloroindophenol solution was calculated and expressed as
jig of L-ascorbic acid equivalent to 1.0 ml of the reagent.
The 2,6-dichloroindophenol solution was standardised daily
with freshly prepared L-ascorbic acid standard solution.
(ii) Determination
An aliquot (2.0 ml) of the sample was titrated
with the standardised 2,6-dichloroindophenol and blank
determination for correction of titration was made following
the standardisation procedure described previously.
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(E) Titrimetric method (2) using N-bromosuccinimide as
titrant7
(i) N-bromosuccinimide stock solution (NBS, ppm)---
It was prepared by dissolving 200 mg of N-bromosuccinimide
(E. Merck) solid in warm water, and diluting to 100 ml after
cooling. The solution was stored in a refrigerator and was
stable for only a few days. The stock solution was diluted
ten fold with distilled water just before use.
(ii) L-ascorbic acid standard solution (100 ppm) --
and diluted to 100 ml, and 10 ml of this solution was
diluted to 100 ml.
(iii) 1% acetic acid--- 1 ml of glacial acetic acid
was diluted to 100 ml with distilled water.
(iv) 4% potassium iodide--- 4 g of potassium iodide
was dissolved in 100 ml of distilled water.
Procedure
(i) Standardisation of the NBS solution
An aliquot (5.0 ml) of the 100 ppm L-ascorbic acid
standard solution was transferred into a stoppered test-tube
containing 1 ml of glacial acetic acid followed by the
addition of 5 ml of 4% potassium iodide solution, and the
100 mg of L-ascorbic acid was dissolved in distilled water
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solution was thoroughly mixed. After 3 ml of diethyl either
was added to the mixture in the test-tube, the L-ascorbic
solution was titrated with NBS solution from a 10-m1 buret.
After each. addition of titrant, the tube was shaken
vigorously and the layers were allowed to separate. The end
point was indicated by the first appearance of the brown
colour of the liberated iodine in the upper ether layer.
The blank titration was performed using 5 ml of water
plus a volume of water equivalent to the titration value in
the above titration. After subtracting the blank from the
standardisation titration value, the concentration of NBS
was calculated and expressed as :U g of L-ascorbic acid
equivalent to 1.0 ml of the reagent. The NBS solution was
standardised daily with freshly prepared ascorbic acid
standard solution.
(ii) Determination--- An aliquot (5.Oml) of samplE
solution was titrated with standard NBS solution and blank
determination for correction of titration was made followinc
the standardisation procedure described previously.
36
3. Results and Discussion
(A) Selection of wavelength for the measurement of absorbance
Neutral molecules of L-ascorbic acid readily ionises in
solution with pK1= 4.12 and pK2= 11.51. Since each ascorbate
containing species have different absorption spectrum, the
wavelength of the absorption maximum of L-ascorbic acid is
closely related to pH. Fig. 11-5 shows the UV spectra of
ascorbic acid at different pH values. The wavelengths of the
absorption maximum for ascorbic acid at different pH's are listed
in Table 11-2.
Table 11-2 The X max of L-ascorbic acid at various pH
Conditions
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Fig.II-5 Absorption spectra of L-ascorbic acid solution at different pH (indicated by the number close to each
spectrum), the concentration of L-ascorbic acid being 20 ppm at pH 12 and 10 ppm at other pH values.
Absorbance
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At pH 2, ascorbic acid is expected to exist entirely in the
non-ionised form, and max occurs at 245nm. The absorptior
curves were observed to pass through an isosbestic point al
250nm. This is due to the transition from the non-ionised forn
of the molecule H2A, absorbing at 245nm, to the monovalent anior
HA-, absorbing at 267nm. The wavelength of the absorptior
maximum remains essentially constant at 267nm at pH 5-10,
indicating that the absorption maximum of the monovalent anior
occurs at 267nm and that it is the most abundent species in thi$
pH range. Ascorbic acid is expected to fully dissociate to A= al
pH 12, where max occurs at 300nm, indicating that the divalent
anion A= absorbs most strongly at 300nm.
(B) Stability of L-ascorbic acid at various pH value
The stability of L-ascorbic acid at different pH was studied
by measuring the initinal absorbance of 30-i g of L-ascorbic acid
at different pH, and measuring the absorbance again one hour and
two hours later. The results are collected in Table 11-3.
It can be seen that L-ascorbic acid is comparatively stable
at low pH values. The percent loss at pH 2 after 2 hours was
only 1.4%. The percent loss increases when pH increases, and at
pH 7 or above, ascorbic acid was completely oxidised within an
hour, and even in minutes at pH 12.
Furthermore, Table 11-3 also shows that although the.
absorbance of L-ascorbic acid was highest at pH 6, this pH could
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not be the optimum pH since the rate of decomposition of ascorbic
acid at this pH was still considerable.
Table 11-3 The absorbance of 30 =ug of L-ascorbic acid
contained in 3 ml of buffer solution (25°C)
after 1 hour after 2 hours
pH Aused(nm) Initial Abs.









(C) Choice of catalyst
An ideal catalyst for the oxidation of ascorbic acid for the
purpose of background correction should be one which can speed up
the oxidation of ascorbic acid and itself absorbs negligibly in
the UV region.
The catalytic effect of-some metal ions on the oxidation of
L-ascorbic acid has been studied by Onishi and Hara23. A summary
of their results can be found in Appendix 1.
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Copper(II) was found to be the most effective catalyst,
followed by iron(II), cadmium(II), zinc(II), aluminium(III), and
iron(III). Since copper(II) and iron(II) complexes absorb in the
UV region whereas complexes of cadmium(II), zinc(II) and
aluminium(III) do not, the latter three metal ions will cause
less interferences in the determination of L-ascorbic acid when
they are used as catalysts for the oxidation of the acid. Thus
experiments were performed to investigate if their catalytic
power can be improved by increasing the temperature.
The rate constants at 50°C for the oxidation of L-ascorbic
acid in the presence of 6.7x10-4M of cadmium(II), 1X10-3M
zinc(II) and aluminium(III) were determined, and the results are
collected in Table 11-4. It can be seen that the rate constants
at 50°C in the presence of these three non-transitional metal
ions are still not large enough to maKe these ions useful as
catalyst for the complete destruction of L-ascorbic acid.
Table II-4. The rate constants at 50°C for the oxidation of
L-ascorbic acid in the presence of metal ions at pH5
Absorbance at 267nm Rate constants
at 50°C





0 sec 5 sec 15sec 15sec kx103(min-1)
Cu(II) 5.25x10-5M 0.900 0.310 0.115 0.023 14.3x10-3
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The conclusion that can be drawn from the above experiment
is that copper(II) is still the best catalyst for the oxidation
of L-ascorbic acid despite the fact that copper(II) complexes
absorbs in the UV region.
(D) Effect of the concentration of Cu(II)
The reaction time for complete oxidation of L-ascorbic acid
is expected to decrease when the concentration of copper(II)
increases. The effect of the concentration of copper(II) on the
time for complete oxidation of L-ascorbic acid at 25°C was
studied and the results are collected in Table 11-5. It was
observed that the time for complete oxidation of L-ascorbic acid
decreased more rapidly at higher concentrations of. copper(II),
but levelled off at Cu(II) concentration of 5.25x10-5M. Since
copper(II) complexes absorb in the UV region, the lowest possible
-5
copper(II) concentration (i.e. 5.25x10M) was chosen.
Table 11-5. Effect of copper(II) concentration on the oxidation
of a 10 ppm L-ascorbic acid solution at pH 6 and 25°C
Concentration of Cu(II) Initial Time for complete oxidation








(E) Choice of masking reagent:
The next step in our research was to choose a chelating
agent that can mask the catalytic effect of Cu(II) on the
oxidation of L-ascorbic acid and yet the resulting Cu(II) complex
does not absorb or absorb only slightly in the UV region. This
step is necessary since we need to correct for the absorption due
to Cu(II), which, when complexed, will not catalyse the oxidation
of L-ascorbic. acid in the sample solution.
The effect of chelating agents on the rate of the copper-
catalysed oxidation of ascorbic acid was studied by Onishi and
Hara43, and their results are shown in Appendix 2. Their results
indicated that four chelating agents, namely, nitrilotriacetic
acid (NTA), ethylenediaminetetraacetic acid (EDTA), oxine and
a, a'-dipyridyl, are very effective to suppress the catalytic
effect of Cu (II).
The UV spectra of NTA, EDTA, oxine and a,a'-dipyridyl were
taken and shown in Fig II-6(a),(b). It can be readily seen that
oxine absorbs strongly at 243nm, while a, a'-dipyridyl absorbs
strongly at 234nm and 282nm. On the other hand, NTA and EDTA
absorbs negligibly above 250nm, and thus these two chelating
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Fig 11-6 (a) Spectra of 5 ppm chelating agent against distilled
water as reference.
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The UV spectra of copper(II) and its NTA and EDTA complexes
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Fig 11-7 UV spectra of Cu(II), Cu(II)-NTA, and Cu(II)-EDTA,
in acetate buffer of pH 5.6 against distilled water
as reference.
1. Cu(II) (1.6 x 10-5M)
2. Cu(II)-NTA (Cu(II), 1.6 x 10-5M NTA, 8 X 10-5M)




It can be seen that the Cu(II)-EDTA complex absorbs more
strongly than the Cu(II)-NTA complex. Furthermore, NTA has a
greater suppressive effect on the Cu(II)-catalysed oxidation of
ascorbic acid than EDTA, e.g. the rate of oxidation at pH 6 was
0.0134 min- in the presence of NTA compared with 0.0402 min-1 in
the presence of EDTA. Nevertheless, NTA is a suspected
carcinogen and a less common reagent than EDTA so that EDTA is
chosen as the masking agent for copper(II) instead. The
absorbance at 270nm of the Cu(II)-EDTA complex would be around
0.2 when the concentration of the complex is 1.6x10-5M. The
absorption due to the Cu(II)-EDTA complex constitutes part.of the
reagent blank and can be readily corrected.
(F) Effect of pH on the UV spectrum of L-ascorbic acid in the
presence of the Cu(II)-EDTA complex.
The UV spectra of L-ascorbic acid solution at different pH
but at a fixed concentration of Cu(II)-EDTA complex (5.25x10-5M)
are shown in Fig 11-8. Comparing Fig. 11-8 with Fig. II-59 it
can be seen that the two series of spectra look similar, and
there were no shifts in the wavelengths for the absorption
maxima. The absorbance was observed to increase slightly in the















rig.ll-8 Effect of pH upon the UV spectra of L-ascorbic acid in the presence of the Cu(II)-EDTA complex (5.25x10-bM)
against reagent blank. The concentration of the acid was 20 ppm at pH 12 and 10 ppm at other pH values.
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(G) Stability of L-ascorbic acid in the presence of the Cu(II)-
EDTA complex
The experiment on the effect of pH on the stability of L-
ascorbic acid in the presence of the Cu(II)-EDTA complex was
performed following the procedure described previously in the
absence of any Cu(II) complex. The results are shown in Table
11-6.
Table 11-6 The absorbance of 30 u g of L-ascorbic acid contained
in 3 ml of buffer solution in the presence of
5.25x10 5M of Cu(II)-EDTA at 25°C
after 1 hour after 2 hours
pH Xused(nm) Initial Abs,
Abs.% loss Abs.% los
0.5870.590 0.2 0.50.5892 245
0.517 0.60.520 0.519 0.24 255
1.30.7600.764 0.80.7702675
0.855 2.30.866 1.00.8756 267
0.628 27.00.749 12.90.8607 267
41.10.4990.634 25.10.8478 267
88.60.258 0 .09468.70.82510 267
0.04412 300
Decomposed within 5 minute!
It can be seen from Table 11-6 that the oxidation of L-
ascorbic acid in the presence of the Cu(II)-EDTA solution is now
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quite slow at pH 6 or below, and the decomposition becomes very
rapid at high pH values.
The stability of L-ascorbic acid in the presence and absence
of the Cu(II)-EDTA solution is compared in Table 11-7 by
comparing the percent loss of the acid after one hour at various
pH values.
Table 11-7 Comparison of the stability of 30 u g of L-ascorbic
acid in 3 ml of buffer at different pH with and
without the Cu(II)-EDTA complex
% loss after one hour









From Table II-7, it can be seen that L-ascorbic acid
decomposes less rapidly in the presence of the Cu(II)-EDTA
complex and the loss of ascorbic acid was then reduced to 1% at
pH 6 compared with 35% in the absence of Cu(II) complex.
As noted in Section F, the absorbance of L-ascorbic acid was
observed to increase in the presence of Cu(II)-EDTA for pH values
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of 7-12. The increase in intensity may be ascribed partly to the
greater stability of ascorbic acid in the presence of the Cu(II)-
EDTA complex.
The initial absorbance-of a 10 ppm L-ascorbic acid solution
containing Cu(II)-EDTA complex was plotted against pH using the
data contained in Table II-6, and the curve is shown in Fig.II-9.
It can be seen that the highest absorbance was obtained at pH 6.
Since only 1% of L-ascorbic acid decomposed within an hour at pH
6 in the presence of Cu(II)-EDTA, this pH could now be chosen as
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Fig 11-9 The absorbance at the absorption maxima of a 10 ppm
L-ascorbic acid solution containing 5.25 x 10-5M of






(H) Effect of EDTA on the stability of L-ascorbic acid
Fogg and Summan44 observed that ascorbic acid could be
stabilised by the addition of ethylenediaminetetraacetic acid
(EDTA). We studied the stability effect of EDTA on L-ascorbic
acid in the presence of copper(II), and the results are collected
in Table 11-8.
Table 11-8 Effect of the concentration of EDTA on the stability
of a 10 ppm L-ascorbic acid solution containing
5.25x10-5M Cu(II) and at pH 6







It can be seen that when the concentration of EDTA was the
same as that of copper(II), L-ascorbic acid was completely
decomposed within 3 hours. However, as soon as a slight excess
of EDTA was present, the acid was stabilised. Further increase
in EDTA did not seem to produce greater difference in the
stabilising effect. It seems possible that the oxidations of
ascorbic acid may also be catalysed by trace amounts of metals in
the reagents and in distilled water. Thus a slight excess of
EDTA seems to be enough to complex these impurities and suppress
the oxidation of ascorbic acid. Hence, the copper(II)-EDTA
solution used in the proposed method contained a slight excess of
EDTA.
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(I) Construction of the calibration curve for L-ascorbic acid
As noted previously, only 1% of ascorbic acid decomposed
within 1 hour'at 25°C in the presence of the Cu(II)-EDTA complex
solution (Section F), the calibration curve for L-ascorbic acid
can be constructed simply using the absorbance data of standard
solutions prepared to contain Cu(II)-EDTA complex. In another
word, it is not necessary to measure the difference in absorbance
A A. as used for the determination of real samples. The
validity of this procedure was confirmed by the results in Table
II-9, where AA(I), the absorbance of standard L-ascorbic acid
solution containing Cu(II)-EDTA, agreed well with AA, the
difference in absorbance obtained for each standard solution
according to the procedure described for the determination of
real samples in the Experimental Section except that the
temperature of measurement was 25°C instead of 50°C.
Table 11-9 Comparison of the A(I), the absorbance of standard
L-ascorbic acid solution containing Cu(II)-EDTA, and AA,
the difference in absorbance for each standard before and
after oxidation. The measurements were made at 267nm.








A calibration graph is now plotted (Fig. II-10) using the
data shown in Table II-10. The graph passed through the origin,
and was linear up to 20PPm. Its slope was 0.08632 ppm-1 and gave
a correlation coefficient of 0.9995. The molar absorptivity for
L-ascorbic acid was calculated from the data in Table II-10 using
the equation A= Ecl to be 1.448x1041 mole-1 cm-1
Table II-10 Data for the calibration graph for the determination
of L-ascorbic acid standard solution at pH 6 and
containing 5.25x10-5M of Cu(II)-EDTA (25°C).
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The effective Sandell's sensitivity45 is defined as the
number of micrograms of the constituent determination, converted
to the coloured product, which in a column of solution of cross-
section of 1 cm2 shows an absorbance of 0.001. On a rectilinear
calibration curve passing through the origin it is usual to
calculate the value for the sensitivity directly from that
concentration which produced an absorbance of 0.001, and the
2
value will be expressed as u g of the constituent/cm.
(J) Precision studies
The precision for the determination of L-ascorbic acid was
studied. The relative standard deviations for ten replicate
measurements of the absorbance of several standard L-ascorbic
acid solutions with concentrations in the calibration range were
calculated. The data are shown in Table II-11.
Table II-11 Test for precision of the determination of L-
ascorbic acid. The relative standard deviation
for ten replicate determinations of the standard
L-ascorbic acid were calculated.








The precision for the determination of L-ascorbic acid
contents in a real sample using the porposed method was also
studied, and the results are collected in Table 11-12.
Table 11-12. Data for the precision study for the determination
of L-ascorbic acid in a commercial fruit juice.
L-ascorbic acid content (ppm)
Trial No.














Results in Table 11-12 show that the relative standard




It has been reported that a number of organic acids such as
citric acid, tartaric acid, malic acid, lactic acid, tannic acid
and fumaric acid, and a number of sugars such as glucose, sucrose
and fructose are present in fresh fruit juices. Besides organic
acids and sugar, preservatives such as benzoic acid and sorbic
acid as well as other artificial colouring matter and sweeteners
are very common in canned fruit juices. It is therefore
necessary to assess the effect of these substances on the
determination of ascorbic acid using the proposed method. EDTA,
citric acid and tartaric acid are known to form complexes with
copper(II). The logarithm of the stability constants of the
EDTA, citrate, tartrate and acetate complexes of copper(II) at
° 46
pH6 and 25C are 12.5, 6.7, 3.2, and 1.1, respectively.
Although EDTA forms stable complex with copper(II), its
concentrations in soft drinks and fruit juices are unlikely to bE
high. Thus, only the effect of citric acid on the copper(II)-
catalysed oxidation of L-ascorbic acid was studied and the
results are shown in Table 11-13. It can be seen that it took ar
hour or more for the complete oxidation of L-ascorbic acid in the
presence of 0.17% citric acid, compared to 12 min in the absencE
of the acid.
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Table 11-13 Effect of 0.17% citric acid on the copper(II)-
catalysed oxidation of a 12 ppm L-ascorbic acid








Most metal complexes are less stable at higher temperatures
so that more copper(II) will be released from. the copper(II)-
citrate complex at elevated temperatures and will become an
active catalyst again. Thus, the effect of temperature on the
copper(II)-catalysed oxidation of L-ascorbic acid in the presence
of 0.17% citric acid was studied. Results in Table II-14 show
that 50°C is high enough to reduce the interference from 0.17%
citric acid, and L-ascorbic acid could be decomposed within 15
minutes. However, it is not advisable to reduce the time needed
for complete decomposition of ascorbic acid by increasing the
temperature further since other ingredients commonly found in
fruit juices may also be decomposed.
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Table II-14' Effect of temperature on the oxidation of 10 ppm
L-ascorbic acid at pH 6 containing 0.17% citric
acid and 5.25x10 5M Cu(II)





Since citric acid is present in nearly all fresh fruit
juices and canned fruit juices, the complete copper(II)-
catalysed oxidation of L-ascorbic acid for the determination of
its content in real samples should be carried out at 50°C. It is
expected that tartrate and acetate will not cause any
interference at 50°C since both of them formed less stable
complexes with copper(II) than citrate.
The effect of a number of chemical substances commonly
present in soft drinks or fruit juices were examined by applying
the method to a 10 ppm L-ascorbic acid solution at pH 6 and
containing 5.25x10-5M of copper(II)-EDTA and varying
concentration of each substance being studied. Results of the
interference studies are given in Table 11-15.
The criterion for an interference was an absorbance varying
5% from the expected value. It is evident that none of the
chemical substances cause any interference at the levels studied.
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Table 11-15 Effect of the common ingredients of soft drinks,
fresh and canned fruit juices on the determination of a
10 ppm L-ascorbic acid solution at pH 6 containing
5.25x10-5M Cu-EDTA. Initial absorbance at 267nm= 0.870
Ingredient Concentration of L-ascorbic acid %error
foreign substance found (ppm)
-4.4%Citric acid 0.17% 9.56
Fumaric acid 8.3ppm 10.48 4.8%
-4.5%Lactic acid 0.13% 9.55
-4.2%Mal-ic acid 0.17% 9.58
-4.2%Tartaric acid 0.25% 9.58






-4.7%FD C yellow No-5 66.67ppm 9.53












It is noted that the components which are UV active such as
fumaric acid, tannic acid, caffeine, saccharin, colour matter,
etc. cause very high background absorption. However, if they
have no side reaction with copper ion, they will not effect the
net absorbance of L-ascorbic acid. Furthermore, their
concentrations in fruit juices are low, and it is unlikely that
they will cause serious interferences and their effects can
usually be minimised by diluting the sample where necessary. It
is also worthy to note that tannin and caramel, which interfere
with the alkaline treatment method of Fung and Luk32, did not
interfere at the concentration listed in Table 11-15.
Although the reducing sugars, such as glucose, fructose
etc., can reduce copper(II), the reduction at pH 6 is not fast.
Furthermore, the concentrations of such reducing sugar in fruit
juices are very low so that their interferences on the
determination of L-ascorbic acid using the proposed method can
usually be neglected.
(L) Recovery test with the proposed method
A recovery test with the proposed method was performed and
the results are shown in Table 11-16. The recovery of L-ascorbic
acid added to a lime cordial was 100%.
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Table 11-16 Recovery test for the determination of
L-ascorbic acid in lime cordial



















(M) Determination of ascorbic acid in soft drinks, fresh and
canned fruit juices, and cordials
The ascorbic acid contents of some soft drinks, cordials,
fresh and canned fruit juices were determined by the proposed
method. The results are summarised in Table 11-17. The results
for most samples are checked by the titrimetric method using 2,6-
dichloroindophenol as titrant. However, titration with N-
bromosuccinimide was employed for highly coloured samples. The
results for fresh fruit juices were also checked by the
differential pulse polarographic method. Each determination was
done in duplicate.
There is a close agreement between results obtained by the
proposed method and the established methods, indicating the
accuracy of the proposed method.
It is noted that accurate results were obtained for grape-
fruit and apple juice. Thus the proposed method is more widely
applicable than the alkaline pre-treatment background correction
method proposed by Fung and Luk32, since their method failed for
the determination of L-ascorbic acid in grapefruit and apple
juices. The proposed method is also applicable to coloured
samples where the simple titration method using 2,6-
dichloroindophenol failed since end-point detection then becomes
difficult if not impossible. Furthermore, the proposed method is
very simple since it requires no special instrument nor special
reagents. However, the method failed for samples such as prune
juice, which absorb very strongly in the UV region.
64
Table 11-17 Determination of the amount of L-ascorbic acid
in fresh fruit juices, canned fruit juices, soft
drinks and cordials
(i) Fresh fruit juice
L-ascorbic acid content (ppm)
Samples




(ii) Canned fruit juices
L-ascorbic acid content (ppm)
Samples













































DCIP, titration with 2,6-dichloroindophenol
NBS, titration with N-bromosuccinimide
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4. Conclusion
A simple, rapid, precise and accurate method has been
developed for the determination of L-ascorbic acid in soft
drinks, cordials, fresh and canned fruit juices using direct UV
spectrophotometry. The background correction method recommended
is one where the sample blank for the determination of L-ascorbic
acid is produced by the catalytic decomposition of the acid by
copper(II). The decomposition of L-ascorbic acid in real samples
should be carried out at 50°C because citric acid, which is
usually present in soft drinks, fruit juices or cordials, retards
the copper(II)-catalysed oxidation of L-ascorbic acid. The
reagents used are cheap, safe, stable, and readily available in
most laboratories.
The proposed method is selective, and many ingredients
commonly found in soft drinks, fruit juices and cordials do not
interfere. The method is applicable to a wide range of samples.
The working range of the method is wide and can cover the normal
concentration range of L-ascorbic acid present in various types
of sample. The method is particular attractive to those less
well-equipped laboratories possessing only UV-Visible
spectrophotometer but not other more sophisticated instruments
such as polarographic analyser or spectrofluorimeter. The
proposed method should also be applicable to other types of
beverage of which the matrices do not absorb or scatter strongly
in the UV region.
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Oxidation rate of L-ascorbic acid in the presence of various
kinds of metal ions.
(25± 0.1°C, pH= 4.3, concentration of metal ion= 5x10-6M)



















The rate constant" k "was calculated from the equation
k= (2.303/t)xlog Co/C.
(Data taken from Ref.23)
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APPENDIX 2
The rate constants for the copper(II)-catalysed oxidation of L-
ascorbic acid in the presence of various kinds of chelating
agents.






(With no Cu(II) or chelating agent 0.031)
None 1.360
Citric acid 1 1.270
1 0.130Nitrilotriacetic acid (NTA)
1 0.403Ethylenediaminetetraacetic acid (EDTA)
1,10-phenanthroline 2 0.524
Oxine 0.4002




(Data taken from Ref. 43)
25±0.1°C
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PART III. SPECTROPHOTOMETRIC METHOD FOR THE
DETERMINATION OF NITRATE
1. Introduction
Nitrate is an ubiquitous anion which occurs in a wide
variety of natural systems. In the environment the species is
produced in the nitrification process, in which ammonia is
oxidised by certain soil bacteria. Nitrate occurs in abundance
in nature because of the use of nitrate salts as fertilizers.
Humans are exposed to nitrates through the ingestion of
vegatables, water, and cured meats. High levels of nitrate can
give rise to harmful physiological effects, such as
methemoglobinemia2, particularly in infants. At the present
time, of particular importance is the relationship of nitrate to
3
the formation of N-nitrosamines.
Titrimetric methods 4-6 for the determination of nitrate are
based on its reduction to compounds containig nitrogen in lower
oxidation states. It is followed either by direct titration of
the reduced form, or by back-titration of the excess of reductant
used. Several of the titrimetric methods requires exclusion of
air, and the methods are not suitable for the micro-determination
of nitrate.
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One of the important developments in the determination of
nitrate is the nitrate ion-selective electrodes. The use of the
electrode is simple and fast, however, the electrode suffers from
pronounced and erratic potential drifts, and is characterised by
fairly poor sensitivity. Nitrate can be quantitatively
precipitated by the strong base nitron8, but the gravimetric
method for the determination of nitrate is normally avoided for
the method has many serious drawbacks, such as the relatively
high solubility of the precipitate, lack of sensitivity,
variation in composition of the precipitate, interference by a
large number of anions, etc.
The application of chromium(II)-EDTA as a powerful reducing
agent was described by Schothorst et al 9,10. Cr(II)-EDTA was
freshly prepared by passing Cr(III)-EDTA through the reductor
column containing zinc with 1% degree of amalgamation, and was
used to reduce nitrate to ammonia. The excess Cr(II)-EDTA was
then determined polarographically10. Although the limit of the
determination of the method was low, electroactive substances
present in the sample interfered seriously and the generation of
the Cr(II)-EDTA was also time-consuming.
Tesch et al11. and Tanner et all2. have developed methods
for the analysis of nitrate employing gas chromatography coupled
with electron capture detection (GC-ECD). These GC-ECD
techniques are sensitive, but severe interferences are sometimes
present in the nitration reaction used in their method.
76
Gerritse`J described a rapid method for the determination of
nitrate by HPLC using UV detection at 210nm. This method is
sensitive, but it is limited by the background fluctuation in the
far-UV light source and by the spectral purity of the mobile
phase.
Ion chromatography (IC) 14,15
is a very versatile technique,
which is a, rapid, and reliable method for the determination of
common ions in either simple or complicated matrices. However,
IC techniques do have several limitations16, the most cumbersome
of which is the frequent requirement of a suppressor column to
remove background electroytes. The time required to regenerate
this suppressor column significantly increases both the time
factor and complexity of the analytical procedure.
Various spectrophotometric methods for the determination.of
nitrate have been developed. The simplest methods are based on
the absorption of nitrate in the ultraviolet region17 19. The
main disadvantages of these methods are low sensitivity and
serious interference by coloured species.
Colorimetric methods for the determination of nitrate are
often based on its reduction to nitrite or to ammonia followed by
the determination of the reduction product. The Nessler's
reagent was commonly used for the determination ammonia20,21.
However, the method is often interfered by ions that are
insoluble in alkali, and the Nessler's reagent itself is unstable
and easily forms precipitate. The colour complex is unstable and
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is affected by temperature, pH, and standing time. The most
common method for nitrite determination 22 involves the reaction
of nitrite with sulphanilamide in acidic solution to yield a
diazonium salt, which is coupled with an aromatic amine to
23












The azo compound is not stable on standing, but the selectivity
of the method is high.
Of many reductants proposed for the reduction of nitrate,
zinc23'24, cadmium 25-28, hydrazine29'30 appeared to be the most
popular ones. Nitrate is reduced to nitrite after passing
through the column of the metals. Cadmium has been used for
heterogeneous reduction in both automatic column procedure and
batch analysis25. However, heterogeneous reductions are more
time-consuming and the life time of columns are short.
Homogeneous reduction with hydrazine and a copper(II) ion
catalyst have proved successful in automated procedures29'30.
The hydrazine reduction method is of high sensitivity but the
reduction has to be carried out at constant elevated temperature
and closely controlled pH and hydrazine will be oxidised on
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standing by oxygen in water. Both cadmium and hydrazine are
toxic and carcinogenic, and their disposal is still a great
problem.
Recently, Nakamura31 proposed the use of chloride in
sulphuric acid medium as the reductant and a solution of 4,5-
dihydroxycoumarin in benzene as the colour-forming reagent. The
reaction medium is a two phase system, the procedure is
complicated, and the time required for each analysis is long.
A modification of Nakamura's method was made by Velghe and
Claeys32 using phenol instead of 4,5-dihydroxycoumarin. Nitrate
is reduced to nitrite and then converted to the volatile nitrosyl
chloride in chloride-containing sulphuric acid medium. By a
consecutive reaction with phenol, p-nitrosophenol is formed in
equilibrium with the yellow-coloured p-benzoquinone minoxime33.
The method is not recommended for the volatile nitrosyl chloride
is easily lost on shaking, and furthermore, the use of
concentrated sulphuric acid and hydrochloric acid is not
convenient.
Among the current methods for the determination of nitrate,
the spectrophotometric method involving reduction of the nitrate
to nitrite followed by a diazotisation and coupling reaction
seems to be the best because of its sensitivity and selectivity.
In fact, this method is used for the determination of nitrate at
34
low concentration in natural water.
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The aim of our research project was to make use of the same
reaction, but to find a 'non-toxic and homogeneous reductant which
could reduce nitrate to nitrite rapidly, thus increasing the
speed and convenience of the method and solving the problem of
disposal of the reductant.
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2. Experimental
Apparatus: BAUSCH LOMB SPECTRONIC 21
Reagents--- All reagents used were of analytical reagent
grade
(i) 1% titanium trichloride in 3% HCl--- 6.3 ml of
37% HC1 was added into 6.7 ml of 15% TiCl3 in 10% HCl
(E. Merck) solution and diluted to 100 ml.
(ii) 0.5% sulphanilamide (SAA) solution in 20% HCl
--- 0.5g of sulphanilamide (BDH) was dissolved in 100 ml of
20% HC1.
(iii) 0.1% N-1-naphthylethylenediaminedihydrochloride
(NED) solution in 1% HCl--- 0.1g of N-1-naphthylethylene-
diamine-dihydrochloride (E. Merck) was dissolved in 100 ml
of 1% HCl solution.
(iv) Nitrate stock solution (100 ppm)--- 0.1371g of
sodium nitrate was dissolved in 1 litre of distilled water.
(v) Nitrate working standard solutions--- These
were prepared by appropriate dilution to 100 ml with
distilled water from the 100 ppm nitrate stock solution.
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Procedure
The wavelength was set at 540 nm. An aliquot of the
0.5% SAA solution (1.0 ml) was added into a 50-m1 conical
flask containing 5.0 ml of nitrate standard solution. The
flask was heated in a 50°C waiter bath for a minute before
2.0 ml of the titanium solution was added. After 1 min.,
1.0 *ml of the 1% NED solution was added into the solution
and after mixing, an aliquot of the solution was transferred
to the cuvette with a path length of 1 cm. The absorbance of
the solution was measured at 540nm against the reagent blank
25 seconds after the addition of NED solution.
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3. Results and discussion
(A) Selection of reducing agent
A number of homogeneous reductants were allowed to react
separately with nitrate to see which reductants could reduce
nitrate to nitrite. Nitrite was detected by the characteristic
red azo compound absorbing at 540 nm formed between nitrite with
sulphanilamide and N-1-naphthylethylenediamine. The results are
collected in Table III-1.
Table III-1 Summary of the reaction between nitrate and a












means that nitrite was detected, and
means that no nitrite was detected.
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As can be seen from Table III-1, only titanium(III)
chloride was effective to reduce nitrate to nitrite.
Titanium(III) chloride is a common reducing agent used in the
chemical laboratories, and is not known to be toxic, and should
be safe to use. Thus titanium(III) chloride was chosen as the
homogeneous reductant for reducing nitrate to nitrite and the
reduction was studied in greater detail.
(B) Reduction of nitrate to nitrite by titanium(III)
Titanium(III) was allowed to react with nitrate. The
reduction product,. nitrite, was allowed to form the
characteristic red azo dye with an absorption peak at 540 nm,
when sulphanilamide and N-1-naphthylethylenediamine were added to
the solution after the reduction reaction had proceeded. A plot
of the absorbance of the azo dye as a function of time is shown
in Fig.III-1, the first reading being taken when all reagents
were added. It can be seen from Fig. III-1 that maximum
absorbance was reached in about 19 min. However, the absorbance
did not level off after the maximum was reached indicating that
the azo dye formed between nitrite and sulphanilamide and N-1-
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Time (min)
Fig III-1 The absorbance versus time curve for the colour
reaction where the 5 ppm nitrate solution was
previously reduced at 25°C by 0.1 ml of a 15%
titanium(III) chloride solution in 10% HCl for 1 min.
Colour was developed by adding 1 ml of 0.5%
sulphanilamide in 20% HCl and 1 ml of 0.1% N-1-





Nitrite itself can also be decomposed by titanium(III) as
evidenced by the data on the effect of titanium(III) on the
stability of nitrite shown in Table 111-2. The absorbance of the
azo dye formed by nitrite in the presence and absence of
titanium(III) were measured.
Table 111-2 Effect of titanium(III) on the stability of
nitrite. A nitrite solution (5 ml, 1 ppm) was allowed
to react at 25°C with 2 ml of 1% titanium(III) in 3%
HCl for min followed by the same diazotisation and
coupling reaction as described for Fig. III-1. A
comparison solution was prepared by using 3% HC1
solution instead of the 1% titanium(III) solution.
Conditions Absorbance at 540 nm
1. without titanium(III) 0.700
2. with titanium(III) 0.095
The absorbance of the azo dye formed was very much reduced
in the presence of.titanium(III) indicating that most nitrite had
been decomposed in the presence of titanium(III) so that very
little nitrite was left to form the coloured azo dye.
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(C) Optimisation of experimental conditions
The proposed method for the determination of nitrate depends
on its reduction to nitrite, which will form an azo dye with
sulphanilamide and N-1-naphthylethylenediamine. However, as
mentioned in the previous section, both nitrite and the azo dye
are unstable in the presence of the proposed reducing agent,
titanium(III). Thus, the experimental conditions needed to be
optimised to yield the maximum absorbance hopefully with a short
reaction time.
(i) The effect of acidity of the reducing agent
The absorbance at 540nm versus time curves for the colour
reaction, where the nitrate solution was previously reduced by
titanium(III) at varying acidities, were plotted and shown in
Fig.III-2. The series of solutions were prepared by mixing 5.0
ml of 6 ppm nitrate solution with 2.0 ml of 0.5% titanium(III)
chloride at varying hydrochloric acid concentrations, and 1.0 ml
of 0.5% of sulphanilamide in 20% hydrochloric acid after 1 min.,
and 1.0 ml of 0.1% N-1-naphthylethylenediamine in 1% hydrochloric
acid after 2 min. The first absorbance reading at 540nm against
reagent blank was taken when N-1-naphthylethylenediamine was
added and subsequent measurements were recorded about every 1-2














0 4 8 12 16 20 24 28 32 36
Time (min)
Fig. 111-2 The absorbance versus time curve for the colour reaction where the 3.33 ppm nitrate
solution was previously reduced at 25°C by titanium(III) at various acidities indicated





Since it was not known when the maximum values of absorbance
would occur, the absorbance versus time curves were plotted. It
can be seen that when titanium(III) chloride was prepared in 0.5%
hydrochloric acid, the maximum absorbance was 0.415, which
occurred at 21 min after the colour reaction started. However,
when the acid concentration varied between 1% to 3%, the maximum
absorbance varied between 0.570 to 0.755 and the time required to
reach the maximum varied between 28-30 min. It is not possible
to shorten the reaction time considerably just by increasing the
acidity of the titanium(III) chloride solution, and the
absorbance value only increased slightly in changing the
hydrochloric acid concentration in the titanium(III) solution
form 2.5% to 3%. Thus, no attempt was made to increase the
hydrochloric acid concentration further, and in subsequent
experiments, the hydrochloric acid concentration in the
titanium(III) chloride solution was fixed at 3%.
(ii) The effect of temperature for the reduction
The effect of temperature for the reduction was studied by
heating a mixture of a 5.0 ml of 5 ppm nitrate solution and 2.0
ml of 0.5% TiCl3 in 3% HC1 at the specified temperature for 1
min. Then 1.0 ml of 0.5% sulphanilamide in 20% HC1 was added
and 1.0 ml of 0.1% N-1-naphthylethylenediamine in 1% HCl was
added after 4 min. The first absorbance at 540'nm was measured
against the reagent blank when N-1-naphthylethylenediamine was
added, and subsequent measurements were recorded every 4 min.









0 4 8 12 16 20 24 28 32
Time, min.
Fig-III-3 The absorbance versus time curves for the colour. reaction where the 2.8 ppm nitrate
solution was previously, reduced at different reduction temperatures indicated by the
number close to each curve.
Absorbanceat540nm
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The reaction temperature had a marked effect on the rate of
reaction. When the reaction temperature was raised to 45°C,
maximum absorbance was reached within one minute, whereas at 25 0
and 30°C, the absorbance increased gradually and reached the
maximum value in at least 25 min. However, at 35°C the
absorbance varied very little at first and then decreased
gradually. For the time being, the reaction temperature was
chosen to be 35°C since the absorbance reached a high and
essentially constant value within a few minutes and might be
measured more accurately at 35°C than at 45°C. The effect of
temperature would be studied in greater detail after other
conditions were optimised.
(iii) The effect of the order of addition of the reagents
Three different sequences for the addition of the reagents
were considered, and were designated as Procedure a to c in Table
111-3. The reagents used were: 5.0 ml of 5 ppm nitrate
solution, 2.0 ml of 0.5% TiC13 solution in 3% HC12 1.0 ml of 0.50/0
sulphanilamide in 20% HC1, and 1.0 ml of 0.1% 1 N-1-
naphthylethylenediamine in 1% HC1. The final concentration of
NO 3 was 2.8 ppm. The temperature for the reduction was 350C,
and the reaction time for the reduction was 1 min.
Results in Table 111-2 show that when the reagents were
added according to Procedure b, the value of the absorbance
maximum was highest and the time to reach the maximum was
shortest. Thus Procedure b was chosen. In other words, the
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best order of addition of the reagent was: the nitrate solution,
titanium(III) and sulphanilamide were mixed first and heated at
the reduction temperature for 1 min, followed by the addition of
N-1-naphthylethylenediamine, and the absorbance was measured
after waiting for 14 min when the readuction temperature was
35°C.
Table 111-3 Comparison of the value of max.absorbance and the
time required to reach the maximum with different order of
addition of the reagents. The volumes and the
concentrations of the reagents used were the same for all





a. ND+ TiCI mini SAA. NED Abs
140.541
b. NO++ SAA+ TiCI 1 min NED Abs
220.433
C. NO SAA+ NED+ TiCl T(min) Abs
T was measured from the time after all the reagents for the
colour reaction were added.
(iv) Effect of the concentration of titanium(III)
Next the effect of the concentration of titanium(III) was
studied. The series of solution were prepared by mixing 5.0 ml
of a 5 ppm nitrate solution with 1.0 ml of 0.5% sulphanilamide in
20% HCl and 2.0 ml of titanium(III) at various concentrations in
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3% HC1. The mixture was heated at 35°C for 1 min and 1.0 ml of
0.1% N-1-naphthylethylenediamine in 1% HCl was added, and the
absorbances at 540 nm were measured. The results are shown in
Table 111-4.
It can be seen from Table 111-4 that the absorbance obtained
was highest at the titanium(III) concentration of 1%. However,
the time required to reach the miximum absorbance value was 12
min, and was still quite long. Thus, it was necessary to look at
the effect of temperature again with the hope to reduce the
waiting time at a higher temperature while the concentration of
titanium(III) was fixed at 1%.
Table 111-4 Effect of concentration of titanium(III), the
concentration of nitrate being 2.8 DDm.
Time required toMax.Abs.
Conc. of Ti(III)




(v) A closer look at the effect of reduction temperature
As shown previously in Section C(ii), the reduction
temperature had a marked effect on the rate of reduction.
However, the absorbance versus time curve decreased very rapidly
at 45°C. It was also found in Section C(ii) that reduction at
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35°C was still too slow for practical purposes. Thus, the effect
of temperature was again studied after the other factors had been
optimised. The reduction temperatures employed were 45°C or
above, and two reduction times, namely, 0.5 min and 1 min, were
studied. Other conditions used were similar to those described
in Section C(iv) except that the concentration of titanium(III)
was fixed at 1%. The results are shown in Table 111-5.
Table 111-5 Further study of the effect of reduction
temperature and reaction time for the reduction of nitrate
by titanium(III)
The concentration of nitrate: 2.8ppm
Order of addition: the nitrate solution (5.0 ml) was mixed
with 1.0 ml of sulphanilamide, 2.0 ml of Ti 3+ solution,
and 1.0 ml of N-1-naphthylethylenediamine was added









The value quoted in parentheses was the time required to
reach the maximum value for the absorbance.
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It can be seen from Table 111-5 that the maximum absorbance
was obtained using a reduction temperature of 50°C and the
reduction time of 1 min before colour development. The
absorbance versus time curve for the colour reaction after the
nitrate solution was reduced at 500C by titanium(III) for 1 min
was plotted and shown in Fig.III-4. It can be seen that the time
required to reach the maximum absorbance was 25s (cf 25s in Table
111-5). The absorbance decreased less rapidly than when the
reduction temperature was 45°C (cf Fig.III-3) so that the error






Fig 111-4 The absorbance versus time curve of the colour
reaction, nitrate being previously reduced by
titanium(III) at 5000 for 1 min. Other conditions are





1 2 3 4 5
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In view of the above discussion, the reduction temperature
of 50°C and reduction time of 1 min should be chosen for the
reduction of nitrate by titanium(III). However, it is
unfortunate that the maximum absorbance was reached just 25s
after the colour reaction started when the reduction temperature
was 50°C, and 27s even at 45°C, and the measurement had to be
made very quickly, and the timing needed to be strictly
controlled.
A summary of the optimum reaction conditions is as follows:
Reduction temperature: 50°C
Reduction time: 1 min
Concentration of TiC13: 1%
Concentration of HCl in titanium(III) solution: 3%
Concentration of sulphanilamide: 0.5% in 20% HCl
Concentration of N-1-naphthylethlyenediamine:
0.1% in 1% HCI
Order of addition: the nitrate solution (5.0 ml) was
mixed with 1.0 ml of sulphanilamide and 2.0 ml of Ti 3+
solution, and 1.0 ml of N-1-naphthylethylenediamine was
added after the mixture was heated at 50 °C for 1 min.
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(D) Precision and calibration curve
The relative standard deviation of 10 replicate
determinations of 1.11 ppm nitrate solution was calculated to be
0.8%. (see Table 111-6).
Table 111-6 Test of precision for the determination of















A typical calibration graph was illustrated in Figure III-5,
and the relevant data for this graph are shown in Table 111-7.
The araoh was linear for nitrate concentration in the range of
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0 to 2.78 ppm and gave a correlation coefficient of 0.9993 and a
slope of 0.3232 ppm-1.
The effective molar absorptivity for nitrate was calculated
from the data in Table 111-6 using the equation A=cl to be
4 1
2.095x1041.mole-1.cm-1.
Table 111-7 Data for the calibration graph for the
determination of nitrate using the proposed method.




























Concentration of nitrate, ppm






0.5 1.0 1.5 2.0 2.5 3.0
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4. Conclusion
The proposed homogeneous reductant for the reduction of
nitrate of nitrite is titanium(III) chloride, and the reduction
at 50°C was shown to be rapid. Although solid titanium(III)
chloride is a corrosive, flammable solid, aqueous solution of
this compound is not known to be toxic and is available
commercially. The relative standard deviation of 10 replicate
determinations of a 1.11 ppm nitrate solution was 0.8%, and thus
the precision of the method is good. The method is sensitive,
since nitrate concentration at the sub-ppm level can be
determined accurately.
However, the proposed method has its limitation, which is
due to the fact that both the reduction product, nitrite, and its
azo dye are unstable in titanium(III) solution. This has two
important consequences. Firstly, the conversion of nitrate to
nitrite will not be 100/0 because of the decomposition of nitrite
by titanium(III), and thus the sensitivity of the method is
lowered. The sensitivity will be further lowered by the partial
decomposition of the azo dye formed in the colour reaction.
Secondly, the absorbance of the azo dye varies with time, and the
absorbance has to be taken 25s after the colour reaction has
started, thus making the method very inconvenient.
After optimisation, the sensitivity of the colour reaction
(in terms of Sandell's definition), was found to be 0.003 u g/cm2
(at 540nm). The sensitivity and precision of the method are
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compared with other spectrophotometric methods using the same
colour reaction but different reducing agents. The results are
shown in Table 111-8.
Table 111-8 Comparison of the analytical methods for the
spectrophotometric determination for nitrate
Slope of Sensitivity Precision Calibration
Reductant calibration curve range






0.323 0.003 0.8 0-2.78chloride
(present work)
FIA, using flow injection technique.
It can seen from Table 111-8 that the proposed method is
less sensitive than the method using cadmium as the reductant,
however, the sensitivity of the proposed method is only 50%
larger. It is not unexpected since the conversion of nitrate to
nitrite by cadmium is usually claimed to be 100%, whereas the
conversion by titanium(III) is less. However, the effectiveness
of the cadmium-copper columns is dependent on the technique of
alloy preparation, and several publications on the use of the
cadmium-copper column35,36 indicated that a new column will
initially reduce some nitrate nitrogen to states lower than that
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of nitrogen in NO2-. Margeson et al.37 reported that cadmium
alone was equally effective for reducing nitrate to nitrite and
the percent conversion was essentially 100% for the first ten
trials. However, the column life is also a problem.
The slope of the calibration curve using the proposed method
is higher than that using hydrazine as the reductant. However,
much small volumes of sample solutions were used in the latter
method.
In conclusion, the proposed method is more rapid than the
method using metals as reductant, although the sensitivity is
lower. Titanium(III), which is suggested to be the reductant, is
nontoxic, and is better than cadmium or hydrazine, which are both
toxic. The sensitivity of the method, which is lower than the
cadmium reduction method, is still quite high. The greatest
disadvantage of the method is its inconvenience. However, it is
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